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DECLARATieiyf UNDER M C FJt SI 1^ 

We, Herijcrt Bnajiler, Tim Fiedler. Frank Jermann, and Msirtin Zachau, tlie joint mveiitprs named 
iii£f.S. Patent Applicfiiion Swial-l^mber I0/574,&2I, declarBas follftws: 

1 . Tlus declaration is submifted in support of U.S. Patent Appjicalidii Sraial 
Nmnber ! 0/S74jeei aiid, ^cifieally to esttiWish an invention date prior to S^emher 23, 2003, the 
earliest US, effcclive fitime date of published PCT Patent Publioatioirj No, WO 2Q0fl/CQ&i09 of 
Ddsing ot at,, thercfeinaice cited by the Examiner in rejectmg ttecl^ms iwA* US.G. §: l 02(e). 

2. tlic subject patent application is a U.S. ndonal p^se appKcation of 
latematidttal Spplic^bn BtUmbw PCTyDE04/02133 filed St^rtembW 24, 20Q4. wttct claimed 
pripnty ftwffi G^mwn M No. DE 103 44 filed S^tt!mbcr24, 2(»a, wljich 
the eoastructiye reduction lo practice date of tiw subject invention. 



3. A certified copy of Gennan Patent AppUcaaon No. DE 1 03 44 332,0 has been su 
{fitted to the Patent Office in connection with the present^piication. To fUrAer pa-fect the piidri 
ty claim, we enclose herewift a csopy of an Enj^ish transiatloij of Gennan Patent Appjifia^ion p 
E 103 44 332.0 {Exhibit I), 



4; Wc have reviewed and understand the subject aj^icatipAt ihcludins (he claims 
originaJly fried, and any and all claim ameitdntenu made ihratafUsr (the "Ctahited Invention*'}. 



Conception 

5. jFrom: the period jMitw to S^ember 23, 2003 until the Genmmi priodty patent 

AHJiication No. DE 103 ,#,,332.0 was ^ ,Si5)tem|bwa4,~MB, 4^^ iaventore w»e,. in 

conjunclion with their altomeys, diiigently preparing the subject appliuation for filing ihie Qetinari 
pripfity Patent Appycaiion No. DE 103 44 332:0. In fact, the Genoan priority Patetit A,PpJi™SoH 
No. DE (Q3 44 332.0 was filed September 24, 2003, which is only one day after the eritical date 
S(5pitef!iber 23, 2003 oI'Delsing et a!, cited by (he Examiner. 

6. We conceived the Claimed Invention prior to Septemlwr 23, 2003 (the reference 
date of Dclsing « al.), as evidenced by the foUowirigintemei! detaunent* of OSRAM (*?d 
SKAM"): 

Exhibit 2 is ft Phosphor Test Log, Attempt No, TF 119/2003 (1 page). 

Bkhibit 3 is an Er^lish translation of Exhibit 2, 

ExiiMl 4 is a Phosphor Test Lo& Attjsnvt No. TF 13 9/2003 (3 pages). 

Exhibit 5 is an English traislation of Exhibit 4. 

E^diibit 6 is a graph obtained with an x-ray diffractiomneter. 

Exhibit 7 is an English transiation.of Exhibit 6. 



Exhibit 9 is an English translation of fexhibit 8, 

Ejdiibil 10 is a letter to the law finn of EPPING HERMANN li&CHER Patent anwsltsgesellschaf 
t mbH in Muniph, Gjermaiiy ("EHP'). 
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Exhibit 1 1 is an English tntislation of Exhibit I€. 

TTtese documents individually or taken tojgeiher support the csonceptitiri of the Cls 
itned Invention. 

Due Dlilgencc 

7. As shoivn by die date stamped on Exhibit 8, the "Notlficatioii of ImvcriUion" refl 
ecting the Ciaitned Inventiott was submitted to and received by thc.IP department of OSRAM on 
August 12,20Q3. 

8. As shown in Exhibit 1 0, upon receiving and reviewing the "Notification of fnve 
ntion'', on September 5, 2003 the IP department of OSRAM forwarded the "Notification of Inven 
tion" tci OSR AM 's outside counsel Mr. Richard Sehacbtner at EHE. and requested EHF to transf 
er the rights frdm iftvemor Biiunner to OSRAM Opto Semtconducto^ CimbH. 

9. During the Hme pedod from Septembei' 5, 2003 tp Septeniher 23, 2003, the attd 
m?!j?S within OSRAM GmbH studied and evaiuated the subject matter desoabed in the Mptificati 
on of Invention and prepsreda new patent application eoveritife tt» subjecim8f t«r disclosed in th 
e Notiiicatios of Invention. 

10. OSRAM GmbH siibseqUetflly filed German patml application No. D£ 103 44 
332iO on S^teniber24, 2003, fo which the: Ihtematioiia! application on whfch the stitiject Nation 
al Phase application is based claims priortly. 

1 1 . As is elwr fixKn the foregoihg, the Claimed invention was conceived prior to I 
iSSptember ^i, zOtiiJ rclSerence date ojl bejsing et al. the inventors and those involved in pi^pa 

riiig and filing the subjcctiappUeation have exhibited due diligence from. Ai^t 12, 20Q3 up to t 
h« filing date of the German priority application on September 24, 2003. 

1 2. We (teclart 6at all stat«nents made herein of out own knowledge are true; thai 
all statemeiit.<i made herein on infbnnaiion and belief are bdieVed to be trii^' and finder that these 
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swements were ma^ with i}ie knowledge that willftil, feist statements and tte like arepunish^k 
by fwe or in^risonmenl, orlMith under Section 1001 of tide 18 of the United States Code and thai 
such willfiil false statements nwyjiEMianJize the validity of this patisit ^licatien and any psiiajt 
resulting there^m. 



Herbert Bninner 

Date: Mjirft^W ^5 By flidb\!^ _ 

timRedjer 

Date: HOuMh^ 2^ ^ By: 'IkPUlj^ Q iMftc^ 

Fiank Jermiann T7 

I Martin Zachau 
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Patent-Treuhaziid-Gesellschaft 

fiir elektrische Gluhlampen iiibH., Munich 

High-efficiency LED-based illumination system with improved 
color rendering 

Technical field 

5 The present application is closely related to the following 
applications : 

2003P14657, 2003P14654, and 2003P14656 . 

The invention is based on a high-efficiency LED-based 
i Illumination system with improved color rendering. It deals in 
10 particular with Iximinescence conversion LEDs which in 
particular are completely tunable. 

Discussion of background 

One concept for a high-efficiency LED-based illumination system 
with improved color rendering is three-color mixing. In this 
concept, the mixture of the primary colors red~green-blue (RGB) 

15 is used to generate white. A blue LED can be used for partial 
conversion of two phosphors which emit red and green. The 
search for an efficient green phosphor for an RGB system is 
currently at the forefront of research, as is demonstrated, for 
example, by the proposal from US 6,255,670. Alternatively, a 

20 UV-emitting LED which excites three phosphors respectively 
emitting in the red, green and blue is used, cf. WO 97/48138. 
Examples include line emitters, such as YOB:Ce, Tb (green) and 
YOS:Eu (red) . This requires a relatively short-wave emission 
(UV region < 370 nm) to enable high quantum efficiencies to be 
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achieved. This requires the use of sapphire substrates for the 
UV-LED, which are very expensive. On the other hand, if a UV- 
LED based on the less expensive SiC substrates is used, one has 
to be satisfied with an emission in the range from 380 to 
5 420 nm. The individual colors of the RGB system can in 
principle be generated by the primary radiation of LEDs or by 
luminescence conversion LEDs, as is illustrated by WO 01/41215. 

To increase the overall light yield, a complicated system 
including a fourth LED which emits in the range from 575 to 605 
10 has also been proposed in WO 00/19141, By its very nature, a 
system of this type is significantly more intricate, expensive 
and complicated than an RGB system. 

DE-1 A 101 3 7 042 shows a slightly different concept, proposing 
a planar illumination system with special introduction of the 
15 blue component in order to avoid the usual absorption problems 
encountered with blue phosphors . 

One interesting class of phosphors for illumination systems of 
this type are those of the oxynitridosilicate type, as are 
known per se under the shortened formula MSiON; cf . for example 
20 "On new rare-earth doped M-Si-Al-O-N materials", J. van Krevel, 
TU Eindhoven 2000, ISBN 90-386-2711-4, Chapter 6. They are 
doped with Tb. Emission is achieved under excitation by 365 nm 
or 254 nm. 

A new type of phosphor is known from the as yet unpublished EP 
25 patent application 02 021 117.8 (Docket 2002P15736) . It 
consists of Eu- or Eu,Mn-coactivated oxynitridosilicate of 
formula MSiaOzNa (M = Ca, Sr, Ba) . 
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Summary of the invention 

It is an object of the present invention to provide an LED- 
based illumination system with improved color rendering in 
accordance with the preamble of claim 1 with a color rendering 
which is as high as possible. A further object is to provide a 
5 tunable illumination system. 

This object is achieved by the characterizing features of 
claim 1 . Particularly advantageous configurations are to be 
found in the dependent claims. 

The use of RGB-LEDs, which comprise three chips with the 

10 emission colors RGB, is of interest for certain applications. 
Since all three colors are realized by different LEDs, it is 
possible for all three components to be actuated independently 
of one another. Therefore, with this type of illumination 
system it is possible to deliberately set virtually any desired 

15 color locus by means of corresponding control electronics. One 
drawback of this solution is a very low color rendering index 
Ra < 50, which results from the narrow-band nature of the three 
individual emissions. A further drawback is that the green LED 
used, for technological reasons, is significantly less 

20 efficient than the other two components. An additional factor 
is that the color locus is highly dependent on the operating 
current and the temperature. Current technology (InGaN LED for 
blue 430 to 470 nm and InGaAlP LED for yellow > 540 nm, in 
particular red in the range from 600 to 700 nm) has not 

25 provided a convincing solution for the primary radiation of an 
LED to be in the green spectral region. However, the advantage 
of the RGB solution realized using primary radiation is that 
illumination systems of this type are tunable. 
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On the other hand, for illumination systems in which high 
demands on the color rendering are to the fore, LEDs in which 
some of the primary LED emission is converted into light with a 
longer wavelength, in particular green, are used. However, such 
5 a structure is not tunable, since the secondary component is 
not dependent on the primary component. 

Hitherto, there has not been a high-efficiency green-emitting 
phosphor which is at the same time insensitive to external 
influences . 

10 The illumination system according to the invention makes 
simultaneous use of the color-mixing principle of blue, green 
and red (RGB mixing) and the principle of converting a primary 
radiation emitted by an LED into light with a longer wavelength 
by means of a phosphor which absorbs this radiation, at least 

15 two LEDs being used, of which a first LED emits primarily in 
the range from 420 to 470 nm (dominant wavelength) and a second 
LED emits in the red region at 600 to VOOnm (dominant 
wavelength) , wherein the green component is produced by the 
primary radiation of the first LED being at least partially 

20 converted by a green-emitting phosphor, the green-emitting 
phosphor used being a phosphor from the class of the 
oxynitridosilicates, having a cation M and the empirical 
formula M(i^c)Si202N2 :Dc, M comprising Sr as a constituent and D 
being doped with divalent europium, with M = Sr, or M = Sr(i_x_ 

25 y)BayCax with x+y < 0.5 being used, the oxynitridosilicate 
completely or predominantly comprising the high- temperature- 
stable modification HT. 

The invention proposes a phosphor which represents an 
oxynitridosilicate of formula MSi202N2 {M = Ca, Sr, Ba) which is 
30 activated with divalent Eu, if appropriate with the further 
addition of Mn as co-activator, with the HT phase forming the 
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majority or all of the phosphor, i.e. more than 50% of the 
phosphor. This HT modification is distinguished by the fact 
that it can be excited within a broad band, that it is 
extremely stable with respect to external influences, i.e. does 
5 not reveal any measurable degradation at 150°C, and that it has 
an extremely good color locus stability under fluctuating 
conditions (little drift detectable between 20 and lOCC) . 
Further plus points include its low absorption in the red, 
which is particularly advantageous in the case of phosphor 
10 mixtures . This phosphor is often also referred to below as Sr 
Sion: Eu . 

When producing the novel phosphor, it is important in 
particular to use a high temperature, the synthesis range lying 
between 1300 and 1600°C. Another determining factor is the 
15 reactivity of the starting components, which should be as high 
as possible. 

The phosphor MSi202N2:Eu (M = Ca, Sr, Ba) which is known from EP 
patent application 02 021 117.8, in the case of the Sr- 
dominated embodiment with M = Sr or M = Sr(i.x-y)BayCax with x + y 

20 < 0.5, referred to below as Sr Sion, is difficult to control. 
Although some tests give excellent results, there has hitherto 
been no guiding principle as to how to obtain reliable and 
reproducible results. An additional factor is a certain 
tendency of the efficiency to be reduced and the color locus to 

25 vary under high thermal loads. 

Surprisingly, it has now been found that the two phases 
fundamentally differ in terms of their suitability for use as a 
phosphor. Whereas the LT phase is virtually of no use as an Eu~ 
30 doped phosphor and only emits weak orange-red light, the HT 
phase has an excellent suitability for use as a phosphor which 
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emits green light. There is usually a mixture which manifests 
both forms of emission over a broad band. It is therefore 
crucial for the HT phase to be produced in as pure a form as 
possible, in a proportion of at least 50%, preferably at least 
5 70%, particularly preferably at least 85%. 

This requires an annealing process which is carried out at at 
least 1300°C but no more than 1600°C. A temperature range from 
approximately 1450 to 1580 °C is preferred, since LT phase is 
formed to an increasing extent at lower temperatures and the 
10 phosphor becomes increasingly difficult to process at higher 
temperatures; above approximately 1600 °C it forms a hard- 
sintered ceramic or melt. The optimum temperature range depends 
on the precise composition and the properties of the starting 
materials . 

15 A batch of the starting products which is substantially 
stoichiometric using the base components Si02, SrCOs and Si3N4 
is particularly important for producing an efficient phosphor 
of the Sr Sion type. Sr is representative of M in this context. 
The deviation should amount to no more than in particular 10%, 

20 preferably 5%, from the ideal stoichiometric batch, including 
any addition of a melting auxiliary, as is often customary. A 
maximum deviation of 1% is particularly preferred. In addition, 
there is a europium fraction for the doping, realized, for 
example, as oxide EU2O3 . This discovery r\ins contrary to the 

25 previous procedure of adding the base component Si02 in a 
significantly substoichiometric proportion. This discovery is 
also particularly surprising on account of the fact that other 
Sions which are recommended for use as phosphors, such as Ba 
Sion in accordance with the teaching of EP patent application 

30 02 021 117.8, should indeed be produced with a 
substoichiometric quantity of Si02. 
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Therefore, a corresponding batch for the Sr Sion MSi202N2 uses 
11 to 13% by weight of SiOa, 27 to 29% by weight of Si3N4, 
remainder SrCOa . Ba and Ca fractions in M are correspondingly 
5 added as carbonates. Europium is added, in accordance with the 
desired doping, for example as an oxide or fluoride, as a 
replacement for SrC03 . The batch MSi202N2 is also to be 
iinderstood as encompassing any deviations from the exact 
stoichiometry, provided that they are compensated for with a 
10 view to charge retention. 

It has proven particularly expedient for the starting 
components of the host lattice, in particular SiaNi, to have 
the highest possible purity. Therefore, Si3N4 which is 
synthesized from the liquid phase, for example starting from 

15 silicon tetrachloride, is particularly preferred. In particular 
the contamination with tungsten, cobalt, aluminum and calcium 
has proven critical . The impurity levels should in each case be 
less than 100 ppm, in particular less than 50 ppm. Furthermore, 
the highest possible reactivity is advantageous; this parameter 

20 can be quantified by the reactive surface area (BET) , which 
should be at least 6 m^/g, advantageously at least 8 m^/g. 

In the event of a deviation from the above procedure with 
regard to stoichiometry and temperature, increasing levels of 
undesirable foreign phases, namely nitridosilicates MxSiyNz, 

25 such as for example M2Si5N8, are formed if the addition of SiOs 
is set at too low a level, so that an excess of nitrogen is 
produced. Although this compound per se is a useful phosphor, 
with regard to the synthesis of the Sr Sion, it is extremely 
disruptive just like other nitridosilicates, since these 

30 foreign phases absorb the green radiation of the Sr Sion and 
may convert it into the known red radiation provided by the 



Exhibit 1 



2003P14655WOUS - 8 - 

nitridosilicates . Conversely, if too much Si02 is added, Sr 
silicates, such as for example Sr2Si04, are formed, since an 
excess of oxygen is produced. Both foreign phases absorb the 
useful green emission or at least lead to lattice defects such 
5 as vacancies, which have a considerable adverse effect on the 
efficiency of the phosphor. The starting point used is the 
basic principle that the level of the foreign phases should be 
below 15%, preferably even below 5%. In the XRD spectrum of the 
synthesized phosphor, this corresponds to the requirement that 

10 with the XRD diffraction angle 2 9 in the range from 25 to 32°, 
the intensity of all the foreign phase peaks should be less 
than 1/3, preferably less than 1/4, particularly preferably 
less than 1/5, of the intensity of the main peak characterizing 
the HT modification at approximately 31.8°. This applies in 

15 particular to the foreign phases of type SrxSiyNz, in 
particular Sr2Si5N8. 

With an optimized procedure, it is reliably possible to achieve 
a quantum efficiency of from 80 to well over 90%. By contrast, 
if the procedure is not specific, the efficiency will typically 
20 lie in the range from at most 50 to 60% quantum efficiency. 

Therefore, according to the invention it is possible to produce 
a phosphor which represents an oxynitridosilicate of formula 
MSi202N2 (M = Ca, Sr, Ba) which is activated with divalent Eu, 
if appropriate with the further addition of Mn as co-activator, 

25 with the HT phase forming the majority or all of the phosphor, 
i.e. more than 50% of the phosphor. This HT modification is 
distinguished by the fact that it can be excited within a broad 
band, namely in a wide range from 2 50 to 480 nm, that it is 
extremely stable with respect to external influences, i.e. does 

30 not reveal any measurable degradation at 150°C in air, that it 
has an extremely good color locus stability under fluctuating 
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conditions. Further plus points include its low absorption in 
the red, which is particularly advantageous in the case of 
phosphor mixtures. This phosphor is often also referred to 
below as Sr Sion:Eu. A majority of the HT modification can be 
5 recognized, inter alia, from the fact that the characterizing 
peak of the LT modification in the XRD spectrum at 
approximately 28.2° has an intensity of less than 1:1, 
preferably less than 1:2, compared to the peak with the highest 
intensity from the group of three reflections of the HT 
10 modification which lie in the XRD spectrum at 25 to 27°, The 
XRD spectra cited here in each case relate to excitation by the 
known Cu-Ka line. 

With the same activator concentration, this phosphor reveals 
different emission characteristics than the LT variant of the 

15 same stoichiometry . The full width at half maximixm of the HT 
variant is significantly lower in the case of the optimized HT 
variant than in the case of the mixture containing foreign 
phases and defects or high levels of foreign phases, and is in 
the range from 70 to 80 nm, whereas the specimen containing 

20 foreign phases and defects is at approximately 110 to 120 nm. 
The dominant wavelength is generally shorter, typically 10 to 
20 nm, in the case of the HT modification than in the case of 
the variant containing significant levels of foreign phases. An 
additional factor is that the efficiency of the high-purity HT 

25 modification is typically at least 20% higher, and in some 
cases significantly higher still, than in the case of the LT- 
dominated mixture or the mixture with a high level of foreign 
phases . 

One characterizing feature of a sufficiently low level of the 
30 NT modification and foreign phases is a full width at half 
maximum (FWHM) of the emission - of less than 90 nm, since the 
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lower the level of foreign phases, the lower the proportion of 
the specific orange-red emission from the modification which is 
rich in foreign phases, in particular the nitridosilicate 
foreign phases Sr-Si-N-Eu in particular Sr2Si5N8:Eu. 

5 The abovementioned typical reflections in the XRD spectrum, 
which reveal the different crystal structure, are another 
important factor, in addition to the reduced full width at half 
maximum . 

The dominant peak in the XRD spectrum of the HT modification is 
10 the peak at approximately 31.7°. Other prominent peaks are the 
three peaks of approximately the same intensity between 25 and 
27° (25.3 and 26.0 and 26.3°), with the peak with the lowest 
diffraction being the most intensive. A further intensive peak 
is 12.6°. 

15 This phosphor emits predominantly green light with a dominant 
wavelength in the range 555 to 5 65 nm. 

It is also possible to add a small amount of AlO instead of SiN 
(in an amount of up to at most 30% of the SiN content) . 

Both phases of the Sr Sion:Eu can crystallize analogously to 
20 the two structurally different host lattice modifications and 
can each be produced using the SrSi202N2:Eu batch 
stoichiometry . Minor deviations from this stoichiometry are 
possible . The Eu-doped host lattices surprisingly both 
luminesce when excited in the blue or UV region, but in each 
25 case after host lattice modification with a different emission 
color. The LT modification reveals an orange emission, the HT 
modification a green emission at approximately Adom = 560 nm 
with in principle a significantly higher efficiency. A desired 
property of the phosphor can be set accurately as a function of 
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the dopant content and dopant material (Eu or Eu, Mn) and the 
relative proportions o£ the HT and LT modifications. 

One benefit of the HT phase is the fact that it can be excited 
with a good level of uniformity over a very wide spectral 
5 region with only minor variations in the quantum efficiency. 

Moreover, within a wide temperature range the Itmiinescence of 
the HT modification is only weakly dependent on the 
temperature. Therefore, the invention has for the first time 
discovered a green-emitting phosphor for LED applications, 
10 which makes do without special measures to stabilize it. This 
distinguishes it in particular from the most promising 
candidates to date for this purpose, namely thiogallate 
phosphors or chlorosilicates . 

The mixed compounds with M = (Sr,Ba}, preferably with up to 10% 
15 of Ba, likewise represent efficient phosphors with a wide range 
of emission maxima. These maxima are generally at a shorter 
wavelength than pure Sr Sion, preferably between 520 and 
565 mn. Moreover, the color space which can be achieved can be 
widened by adding small amounts (preferably up to 3 0 mol%) of 
20 Ca and/or zinc; this shifts the emission maxima toward the 
longer-wave region compared to pure Sr Sion, and by partially 
(up to 2 5 mol%) replacing Si with Ge and/or Sn. 

A further embodiment is for M, in particular Sr, to be 
partially substituted by trivalent or monovalent ions, such as 
25 La3+ or Li+. It is preferable for these ions to form at most 
20 mol% of the M. 

This phosphor has advantages in particular when used in an 
illumination system, in which case it acts as a green phosphor 
replacing previous inefficient solutions for the green 
30 component. The phosphor is excited either by a blue LED with 
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high-efficiency primary radiation or by a UV-LED. Since the 
green emission is in a relatively broad band compared to other 
technological solutions, such as thiogallates or 
chlorosilicates, a significantly increased color rendering 
5 index is established. 

This phosphor is particularly well suited to applications in 
luminescence conversion LEDs which are suitable for full color 
and liominescence conversion LEDs with colors which can be set 
as desired based on an LED which primarily emits UV-blue. The 
10 conversion by the phosphor according to the invention gives 
blue-green to yellowish colors . 

The mixed compounds with M = {Sr,Ba) represent efficient 
phosphors with a wide range of emission maxima. These maxima 
are between 520 and 570 nm. Moreover, the color space which can 
15 be achieved can be widened by adding small amounts (preferably 
up to 30 mol%) of Ca and/or zinc and by partially (up to 
2 5 mol%) replacing Si with Ge and/or Sn. 

A further embodiment is for M, in particular Sr, to be 
partially substituted by trivalent or monovalent ions, such as 
20 La3+ or Li+. It is preferable for these ions to form at most 
20 mol% of the M. 

The phosphor according to the invention can preferably be used 
for luminescence conversion LEDs to generate white light, 
albeit with blue primary radiation, but also with UV primary 
25 radiation, in which case white light is generated by means of 
phosphors which emit blue and yellow. Candidates for the blue 
component are known per se; by way of example, BaMgAlioOiv : Eu^"^ 
(known as BAM) or Ba5Si04 (Cl , Br ) e : Eu^* or CaLa2Si :Ce'^'' or also 
(Sr,Ba, Ca) 5 (P04)3C1 :Eu^'^ (known as SCAP) are suitable. The 
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phosphor according to the invention is suitable as the yellow 
component . 

A red phosphor can additionally be used to improve the color of 
this system. It is used together with a blue-emitting base LED, 
5 and (Y,La,Gd,Lu)202S:Eu^"', SrStEu^"" or also (Ca, Sr)2Si5N8:Eu^\ in 
particular with a high Ca content, are particularly suitable. 

It is in this way possible to achieve color rendering index Ra 
values of from 85 to 95, in wide ranges with warm-white 
luminous colors (emission color is mE not the terminus 
10 technicus?) corresponding to a color temperature from 2200 to 
3000 K (??) , without adversely affecting the dimmability of the 
illumination system. 

The solution which has been discovered is therefore now 
superior to both sub-aspect solutions, since it allows a higher 
15 efficiency than the previous efficiency-optimized system to be 
achieved and also offers a much better solution to the dimmable 
system. The result is a breakthrough in this technology. 

Particular preference is given to an illumination system in RGB 
technology which uses only nitride-based phosphors by using a 

20 high-efficiency blue LED with a dominant wavelength from 440 to 
46 5 nm, preferably with a peak wavelength of 460 nm, together 
with luminescence conversion LEDs . A first luminescence 
conversion LED uses a blue LED, preferably with a peak 
wavelength of 460 nm, as primary light source, with conversion 

25 by means of the above -described Sr Sion as green secondary 
light source. A second limainescence conversion LED uses a blue 
LED, preferably with a peak wavelength of 460 nm, as primary 
light source, with conversion by means of a nitridosilicate of 
type (Ca, Sr)2Si5N8:Eu^* as red secondary light source. 

30 Surprisingly, these three components virtually ideally 
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complement one another in their spectrmn, thereby allowing a 
high color rendering at high efficiency. 

The technical realization of the illuimination system according 
to the invention can be implemented in various ways. In 
5 particular, what are known as multichip LEDs are of interest, 
in which the various chips (that is to say always three?) are 
located inside a housing. The individual chips are in this case 
always locally provided with the respective phosphor. For this 
purpose, the individual chips may be located in different 

10 cavities or together in a single cavity. The chips have in this 
case normally already been provided with the phosphor in a 
prior process. In the case of the solution with a single cavity 
or a solution in which the phosphor is arranged so as to be 
physically separate from the chip, it is also possible for the 

15 phosphor to be applied only after the chips have been installed 
in the housing of the illimination system. The phosphors 
described are particularly suitable for technologies using 
near-chip conversion, as are known per se from the literature, 
cf. for example DE 102 03 795. 

20 Furthermore, the invention relates to an illumination system 
having LEDs as described above, the illumination system also 
including electronic components which, by way of example, 
impart dimmability. A further purpose of the electronics is to 
actuate individual LEDs or groups of LEDs . These functions may 

25 be realized by known electronic components. 

Figures 

The invention is to be explained in more detail in the text 
which follows on the basis of two exemplary embodiments. In the 
drawing : 



Exhibit 1 



2003P14655WOUS 



15 



Figure 1 shows an emission spectrum for an oxynitridosilicate; 
Figure 2 shows the reflection spectrum of this 

oxynitridosilicate ; 
Figure 3 shows a semiconductor component which serves as light 

source for white light also on a larger scale 

(fig. 3a); 

Figure 4 shows an emission spectrum for the semiconductor 

component from figure 3 ; 
Figure 5 shows a second exemplary embodiment of a 

semiconductor component. 



Description of the drawings 

Figure 1 shows a specific example for the high-efficiency, 
green-emitting phosphor. This example relates to the emission 
of the phosphor SrSi2N202 : ( 10% Eu^"^) in the HT modification, in 
15 which the Eu fraction forms 10 mol% of the lattice sites 
occupied by Sr. The emission maximum is at 545 nm, the mean 
dominant wavelength at 564 nm (Xdom) . The color locus is 
x=0.393; y=0.577. The excitation takes place at 460 nm, and the 
FWHM is 84 nm. 

20 Figure 2 shows the diffuse reflection spectrum for this 
phosphor. It reveals a pronounced minimum in the range below 
430 nm, which therefore demonstrates the good excitability in 
this range . 

Figure 3 specifically illustrates the structure of a light 
25 source for white light. The light source is a semiconductor 
component 6 of the LED type having a first chip 1 of the InGaJSI 
type with a peak emission wavelength of, for example, 460 nm, 
and a second chip 2 of the InGaAlP type with a peak emission 
wavelength of, for example, 620 nm, and finally a semiconductor 
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component of the luminescence conversion LED type with a third 
chip 3 of the InGaN type with a primary peak emission 
wavelength of, for example, 46 0 nm. The semiconductor component 
6, together with other similar elements, is embedded in an 
5 opaque basic housing 8. The phosphor is the oxynitridosilicate 
SrSi2O2N2:Eu(10%) proposed as the exemplary embodiment, which 
completely converts the primary radiation of the chip 3, 
transforming it into green radiation with a peak emission at 
547 nm or Adom = 563 ntn. This solution has the major advantage 

10 of being tunable within a wide range of color temperatures by 
changing the relative intensities of the three LEDs by means of 
electronic control unit 7. A comparison, cf. Table 1, with the 
solution which has hitherto been available using three primary 
emitting LEDs (RGB, with green realized by an InGaN LED with 

15 Adorn = 526) convincingly demonstrates the superiority of the 
new solution. Fig. 3a shows a view of an LED on a larger scale. 

Figure 4 shows the emission from an illumination system of this 
type as spectral distribution (intensity in arbitrary units) 
against the wavelength {in nm) . The dashed line shows the old 
20 solution (three primary emitting LEDs) compared to the new 
solution (two primary emitting LEDs and a luminescence 
conversion LED for green) for a color temperature of 4000 K. 

The particular advantage of using a long-wave primary light 
source (450 to 465 nm) for the green luminescence conversion 
25 LED is that this avoids problems with ageing and degradation of 
the housing and resin or phosphor, with the result that a long 
service life is achieved. 

In another exemplary embodiment, a UV-LED (approximately 
380 nm) is used as primary light source for the green 
30 liiminescence conversion LED; in this case, problems with ageing 
and degradation of housing and resin or phosphor have to be 
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avoided as far as possible by means of additional measures 
which are known per se, such as careful selection of the 
housing material, addition of UV-resistant resin components. 
The major advantage of this solution is the very high 
5 efficiency of typically 30 Im/W which can thereby be achieved. 

Table 1: Comparison of the color rendering index Ra and of the 
red index R9 between white-emitting semiconductor components 
based on the pure LED solution (old) and the solution using a 
green luminescence conversion LED (new) 



Color temperature (K) 


Ra (old) 


R9 Cold) 


Ra (new) 


R9 (new) 


2700 


38 


-23 


91 


92 


3000 


38 


-37 


91 


93 


4000 


43 


-71 


94 


89 


5000 


36 


-87 


91 


78 


6430 


51 


-99 


86 


57 



10 

In a further exemplary embodiment, figure 5, a solution with 
two LEDs is used as white -emit ting semiconductor component. The 
basic structure is similar to that described in WO 01/41215. A 
first luminescence conversion LED provides the blue and green 
15 components . A chip 1 of type InGaN with a primary peak emission 
wavelength of, for example, 460 nm is embedded in an opaque 
basic housing 8 in the region of a recess 9. At the same time, 
a second LED 2 of type InGaAlP, which emits red light, similar 
to the first embodiment, is also accommodated in the cavity. 
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The chips have separately controllable, separate teirminals 3. 
In each case one of the terminals 3 is connected to the chip 1, 
2 via a bonding wire 4. The recess has an inclined wall 7 which 
serves as reflector for the primary radiation of the chips 1, 
5 2. The recess 9 is filled with a potting compound 5, which as 
its main constituents typically contains a silicone casting 
resin {or alternatively epoxy casting resin) (80 to 90% by 
weight) and phosphor pigments 6 {less than 15% by weight) . 
Further small fractions can be attributed, inter alia, to 

10 methyl ether and Aerosil. The phosphor is the 
oxynitridosilicate SrSi202N2 : Eu ( 10% ) proposed as the first 
exemplary embodiment in a lower concentration, which only 
partially converts the primary radiation of the LED, 
transforming it into green radiation with a peak emission at 

15 540 nm, or Adorn = 560 nm. 

This narrow construction with a common cavity is possible since 
the red LED 2 with primary emission at 645 nm is not absorbed 

or converted by the green phosphor. This shows an example of 
the significance of a narrow full width at half maximum (FWHM 
20 below 90 nm, preferably below 80 nm) . The only drawback of this 
extremely compact solution, which has been proposed for the 
first time here, compared to the three LED solution is the lack 
of tunability. 
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A high-efficiency LED-based illumination system with 
improved color rendering, simultaneously exploiting the 
color-mixing principle of blue, green and red (RGB 
mixing) and the principle of converting a primary 
radiation emitted by an LED into light with a longer 
wavelength by means of a phosphor which absorbs this 
radiation, at least two LEDs being used, of which a first 
LED emits primarily in the range from 420 to 470 nm 
(dominant wavelength) and a second LED emits in the red 
region at 500 to 700 nm (dominant wavelength) , 
characterized in that the green component is produced by 
the primary radiation of the first LED being at least 
partially converted by a green-emitting phosphor, the 
green-emitting phosphor used being a phosphor from the 
class of the oxynitridosilicates, having a cation M and 
the empirical formula M(i.c)Si202N2 :Dc, M comprising Sr as a 
constituent and D being doped with divalent europium, 
with M = Sr, or M = Sr(i_x-y)BayCax with x+y < 0.5 being 
used, the oxynitridosilicate completely or predominantly 
comprising the high-temperature-stable modification HT. 

The illumination system as claimed in claim 1, 
characterized in that the system contains groups of LEDs 
of the same type. 

The illumination system as claimed in claim 1, 
characterized in that three LEDs are used, the primary 
radiation of the first LED being completely converted 
into green secondary emission, with a third LED emitting 
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blue light lonhindered, in particular in the wavelength 
range from 430 to 470 nm. 

4. The illumination system as claimed in claim 1, 
characterized in that the system includes control 

5 electronics which impart dimmability. 

5. The illumination system as claimed in claim 3, 
characterized in that the system includes control 
electronics which control the brightness of the 
individual LEDs or groups of LEDs individually, so that a 

10 tunable illumination system is formed for a range of 

color temperatures which covers at least 1000 K within a 
band from 2500 to 5000 K, with an Ra of at least 85, in 
particular at least 90, for each selected color 
temperature within the selected range. 

15 6. The illumination system as claimed in claim 1, 
characterized in that two LEDs are used, the primary 
radiation of the first LED being only partially converted 
into green secondary emission, in which case the green 
component and the blue component are emitted 

20 simultaneously by the first LED. 

7. The illumination system as claimed in claim 1, 
characterized in that the green secondary emission 
{dominant peak wavelength) is in the range from 550 to ' 
570 nm. 



25 8 . 



The illumination system as claimed in claim 1, 
characterized in that in the oxynitridosilicate the Eu 
fraction makes up between 0.1 and 20 mol% of M. 
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9. The illumination system as claimed in claim 2, 
characterized in that a proportion of M, in particular up 
to 3 0 mol%, is replaced by Ba and/or Ca and/or Zn. 

10. The illumination system as claimed in claim 2, 
characterized in that a proportion of M, in particular up 
to 3 0 mol%, is replaced by Li and/or La. 

11. The illumination system as claimed in claim 2, 
characterized in that a proportion of SiN, in particular 
up to 30 mol%, is replaced by AlO. 

12. The illumination system as claimed in claim 1, 
characterized in that a proportion of Eu, in particular 
up to 30 mol%, is replaced by Mn. 

13. The illumination system as claimed in claim 2, 
characterized in that the following lines appear in its 
XRD spectrum: 



14. The illumination system as claimed in claim 2, 
characterized in that the following relationships between 
lines are present in its XRD spectriom: 

20 

15. The illumination system as claimed in claim 1, 
characterized in that the primary radiation source used 
for the range from 420 to 470 nm is a light-emitting 
diode based on InGaN, in particular with its peak 

25 wavelength in the range from 440 to 465. 



The illumination system as claimed in claim 1, 
characterized in that the color mixing using the RGB 
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principle realizes a white-emitting illumination system 
with a color temperature of from 2500 to 5000 K, in 
particular 3500 to 5000 K. 

17. The illumination system as claimed in claim 1, 
5 characterized in that a plurality of light -emit ting 

components, in particular a luminescence conversion LED 
which imparts blue and green components of the emission 
simultaneously and an LED which imparts red components of 
the emission, are arranged in a cavity. 

10 18. The illumination system as claimed in claim 17, 
characterized in that the full width at half maximum of 
the oxynitridosilicate is less than 90 nm, preferably 

less than 80 nm. 



The illumination system as claimed in claim 1, 
characterized in that the system includes electronics for 
actuating individual LEDs or groups of LEDs . 
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Abstract 

High-efficiency LED-based illumination system with improved 
color rendering 

The illTomination system makes simultaneous use of the color- 
mixing principle from blue, green and red (RGB mixing) and the 
principle of converting of a primary radiation emitted by an 
LED into light with a longer wavelength by a phosphor which 
absorbs this radiation, with at least two LEDs being used, of 
which a first LED emits primarily in the range from 420 to 
470 nm (dominant wavelength) and a second LED emits in the red 
region at 600 to 700 nm (dominant wavelength) , wherein the 
green component is produced by the primary radiation of the 
first LED being at least partially converted by a green- 
emitting phosphor, the green -emit ting phosphor used being a 
phosphor from the class of the oxynitridosilicates , having a 
cation M and the empirical formula M(i-c)Si202N2:Dc, M comprising 
Sr as a constituent and D being doped with divalent europium, 
where M = Sr or M = Sr (i_x-y)BayCax with x+y < 0.5 is used, the 
oxynitridosilicate completely or predominantly comprising the 
high- temperature-stable modification HT. 
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DP-M 



Leuchtstoffversuchsprotokoll 



Versuchs-Nr.: 
TF 119/2003 



Leuchtstoff-Tvpe: 

Veranlassung/ 
Ziel: 



LED-Leuchtstoff 



Datum: 07.05.03 



qriines Sr-SION 

Sro.g5EUoosSi20zN2 



Versuchsbeschreifaung (Ansatz. Bearbeitunq. usw.l: 



Substanz 




Element 


El-Masse 


Atomanteil 


V^-binwaage 


33-tinwaage 


SiOzAerosilW 


60,090 


Si 


60,090 


0.500 


30,045 g 


2,003 g 


SijNi, UBE-SNIO 


140,283 


Si 


46,761 


1,500 


70,142 g 


4,676 g 


SrCOs, Sulvay 


147,630 


Sr 


147,630 


0,950 


140,249 g 


9,350 g 


SrFz, RdH 


125,620 


Sr 


125,620 


0.003 


0,377 g 


0,025 g 


EUiOj. 88,99%, RP 


351,920 


Eu 


175,960 


0,050 


8,798 g 


0,587 g 


Gesamteinwaage 


219,57 


16,641 g 



Bei diesem Versuch wurde SrF; als Schmeizmittel eingesetzt. 

Die Ausgangssubstanzen wurden an Luft in eine lOOmL PE-Flasche eingewogen und in i-Propanol mit 5 
l^leinen Acliatkugein in der dichtversclilossenen PE-Flasche 4 Stunden auf dem Rollbock homogenisiert. 
Die Mischung wurde in einen nnit W-Blecli ausgekleideten Mo-Schaientiegel gefullt und mit Deckel bei 
1540°C 8 Stunden lang (Aufheizrate: 250K/h, Abkuh!rate:130K/h} gegtuht. Das Rohr wurde wShrend der 
Giuhung mit 200 L/h 7,5%-Formiergas gespult. 
Die gesamte Probe besitzt eine sehr saubere gelb-grune Korperfarbe. 

Das Material wird 5min bzw. lOmin in der Morsermuhle gemalilen und ubereiner 54|jm Gase gesiebt. 



Bearbeitunp: 


1. Giuhung 


GIQhofen 


GERO-RO 


Gluhtemperatur ("C) 


1540°C 


Gluhatmosphare 


FG 



Giuhdauer (h) 8JD_ 



Schalenmaterial 


W-Tiegel 


FullmGngen (9) 


15,0 



Konsistenz 


nicht gesintert 


Korperfarbe 


gelb-grijn 


Lumineszenz 






Anregung 






Remission 






Rontgen 
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Phosphor test report 



Test No.: 

TF 119/2003 



Phosphor type : LEDphOSphor 



05.07.03 



Cause/objective : green Sr-SION 

Sro.95EUo.05Si202N2 



Test description (approach, process, etc.): 



Substance 


M{'/mol) 


Element 


El-Mass 


Atomic 
content 


Vi Weighed 
content 


/33 Weighed 
content 


SiOz, Aerasil 90 


60.090 


Si 


60.090 


0.500 


30.045 g 


2.003 g 


Si3N4, UBE-SN10 


140.283 


Si 


46.761 


1.500 


70.142 g 


4.676 g 


SrCOs, Solvay 


147.630 


Sr 


147.630 


0.950 


140.249 g 


9.350 g 


SrFz,RdH 


125.620 


Sr 


125.620 


0.003 


0.377 g 


0.025 g 


EUzOs, 99.99%, RP 


351.920 


Eu 


175.960 


0.050 


8.798 g 


0.587 g 


Total W9ighad content 


219.57 


16.641 g 



The flux used in this test was SrFj. 

The starting substances were weighed into a 100 ml PE bottle under air and homogenized in 

i-propanol using 5 small rolling agate beads for 4 hours in the sealed PE bottle. The mixture was 

transferred Into a Mo dish crucible lined with a W metal plate and was then calcined for 8 hours at 

1540°C with a lid (heat-up rate: 250 K/h, cooling rate: 130 K/h). The tube was purged with 200 l/h of 

7.5% forming gas during the calcining. 

The entire specimen has a very clean yeiiow-green body color. 

The material is milled in a pestle mill for 5 or 10 min and screened over a 54 ^m gauze. 



Processlna; 


1st calcining 


Calcining furnace 


GERO-RO 


Calcining temperature (°C) 


1540°C 


Calcining atmosphere 


FG 


Vh 


:::: 


Caldrung duration (h) 


8.0 


Dish materia! 


W crucible 


Rll quantities (g) 


15.0 



Consistency 

Body color 

Luminescence 

Excitation 

Reflectance 

X-ray 



not sintered 
yellow-green 



EXHIBIT 4 



DP-M 


Leuchtstoffversuchsprotokoll 


Versuchs-Nr.: 
TF 119/2003 


Leuchtstoff-Tvpe: LED-LeUChtstoff 


Datum: 07.05.03 



Veranlassung/ qrunes Sr-SION 

Ziel: Sro.gsEUo.osSizOzNj 



Versuchsbeschreibunq (Ansatz. Bearbeitunq. usw.): 



Substanz 




Element 


El -Masse 


Atomantell 


7i-tinwaage 






60.090 


Si 


60.090 


0.500 


30.045 g 


2.003 g 


SisNa, UBE-SNIO 


140.283 


Si 


46.761 


1.500 


70.142 Q 


4.676 g 


SrCOa, Solvay 


147,630 


Sr 


147.630 


0.950 


140.249 9 


9.350 g 


SrFj, RdH 


125.620 


Sr 


125.620 


0.003 


0.377 g 


0.025 g 




351 .920 


Eu 


175.960 


0.050 


8.798 g 


0.587 g 


Gesamteinwaag 


3 


219.57 


16.641 g 



Bei diesem Versuch wurde SrFj als Schmeizmittel eingesetzt. 

Die Ausgangssubstanzen wurden an Luft in eine lOOmL PE-Flasche eingewogen und in i-Propanol mit 
5 kleinen Achatkugein in der dichtverschlossenen PE-Flasche 4 Stunden auf dem Rollbock 

homogenisiert. 

' Die Mischung wurde In einen mit W-Blech ausgekleideten Mo-Schalentiegel gefiillt und mit Deckel bei 
1540*0 8 Stunden lang (Aufheizrate: 250K/li, Abkuhlrate:130K/li) geglQht. Das Rohr wurde wShrend der 
Gluhung mit 200 L/h 7,5%--Formiergas gespult. 
Die gesamte Probe besitzt eine sehr saubere gelb-griine Korperfarbe. 

Das Material wird 5min bzw. lOmin in der M6rsermuhle gemahlen und Ober einer 54(jm Gase gesiebt. 



Bearbeituno: 


1. Qluhung 


Gluhofen 


GERO-RO 


Glutitemperatur CC) 


1540*0 


Gluhatmospliare 


FG 


Vh 


200 ZZ. 


Gluhdauer (ti) 


8.0 


Schalenmaterial 


W-Tiegel 


Fullmengen (g) 


15.0 



Erqebnis: 

Konsistenz nicht gesirrtert 



Uumineszenz 






Anregung 






Remission 






Rdntgen 







DP-M 


Leuchtstoffversuchsprotokoll 


Versuchs-Nr.: 
TF 163/2003 


Leuchtstoff-TvDe: 


LED-Leuchtstoff 


Datum: 07.05.03 


Veranlassunq/ arunes Sr-SION 

Ziel: SrossEuoosSiaOzNz 




Versuchsbeschreibunq {Ansatz, Bearbeituna, usw.): 




Bei dieser Probe handelt es sich urn die 10 min gemahlene TF 119/03. Die Probe wurde unterder 
neuen Bezeichnung TF1 63/03 an OS zur LED-Anprobe gegeben. 


Bearbeitunq: 




I.GIuhung 






Gluhofen 




GERO-RO 






Gluhtemperatur ("C) 


1540"C 






Gluhatmosphare 


FG 






Vh 




200 






Gliihdauer (h) 




8.0 






Schalenmateria 




W-Tiegel 






FCillmengen (g) 




15.0 






Erqebnis: 

Konsistenz: 
Korperfarbe 




nicht gesintert 
getb-grOn 






Lumineszenz 










Anregung 










Remission 










Rontgen 











OSPJ-'.M f^^' 

DP-M 


Leuchtstoffversuchsprotokoll 


Versuchs-Nr.: 
TF 164/2003 


Leuchtstoff-Tvoe: LED-Leuchtstoff 


Datum: 07.05.03 



Veranlassunq/ qrunes Sr-SION 
Ziel: SrosjEuoosSiaOzNa 



Versuchsbeschreibung (Ansatz, Bearbeitunq. usw.): 

Bei dieser Probe handelt es sich urn die 5 min gemahlene TF 119/03. Die Probe wurde unterder 
neuen Bezeichnung TF 164/03 an OS zur LED-Anprobe gegeben. 



Bearbeitunq: 


I.GIUhung 


GIQhofen 


GERO'RO 


Gluhtemperatur (TC) 


1540'C 


Gluhatmosphare 


FG 


V, 200 


Gluhdauer (h) 


8.0 


Schalenmaterial 


W-Tiegel 


Fullmengen (g) 


15.0 



Erqebnis: 

Konsistenz nicht gesintert 

Korperfarbe gelb-gron 

Lumineszenz 

Anregung 

Remission 

Rflntgen 
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Phosphor test report 



Test No.: 
TF 119/2003 



Phosphor type : LED phOSphor 



Date: 



Cause/objective : green Sr-SIQN 

Sro.95EUo.05Si202N2 



Test description fapproach, process, etc.) : 



Substance 




Element 


El-Mass 


Atomic 
content 


Vi Weighed 
content 


hi Weighed 
content 


S\02, Aerosil 90 


60.090 


Si 


60.090 


0.500 


30.045 g 


2.003 g 


Si3N4, UEE-SN10 


140.283 


Si 


46.761 


1.500 


70.142 g 


4.676 g 


SrCOa, Solvay 


147.630 


Sr 


147.630 


0.950 


140.249 g 


9.350 g 


SrF2,RdH 


125.620 


Sr 


125.620 


0.003 


0.377 g 


0.025 g 


EU2O3, 99.99%, RP 


351.920 


Eu 


175.960 


0.050 


8.798 g 


0.587 g 


Total weighed content 


219.57 


16.641 g 



The flux used in this test was SrFj. 

The starting substances were weighed Into a 100 ml PE bottle under air and homogenized in 

i-propanol using 5 smaii rolling agate beads for 4 hours In the sealed PE bottle. The mixture was 

transferred into a Mo dish crucible iined with a W metal plate and was then calcined for 8 hours at 

154<)°C with a lid (heat-up rate: 250 K/h, coofing rate: 130 K/h). The tube was purged with 200 l/h of 

7.5% forming gas during the calcining. 

The entire specimen has a very clean yeflow-green body color. 

The material is milled in a pestle mill for 5 10 min and screened over a 54 pjn gauze. 



Processinq: 


1st calcining 


Calcining furnace 


GERO-RO 


Caldning temperature (°C) 


1540°C 


Caldning almosphepe 


FG 


'/h 


200 '^."^^ 


Caldning duration (h) 


8.0 


Dish material 


W cmcible 


Fill quantities (g) 


15.0 



Results : 

Consistency notslnteied 

Body color yellow-green 

Luminescence 

Excitation 

Reflectance 

X-ray 



OSRAM@| 

DP-M 



Phosphor test report 



Test No.: 
TF 163/2003 



Phosphor type : LED phosphor 



Date: 



05.07.03 



Cause/objective : green Sr-SION 

Sro.g5EUo.Q5Si202N2 



Test description (approach, process, etc.) : 



This specimen is tlie TF 119/03 wtiich has iDeen miiied for 10 min. The specimen, under the new 
name TF 163/03, was passed to OS fCM" LED testing. 



Processina: 


1st calcining 


Calcining ftjrnace 


GERO-RO 


Calcining temperatuns {°C) 


1540°C 


Caldning almosphae 


FG 


'/h 


200 


Calcining duration 


8.0 


Dish material 


W crucible 


Rll quantities (g) 


15.0 



Results ; 

Consistency not sintered 

Body color yellow-green 

Luminescence 

Excitation 

Reflectanos 

X-ray 
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Phosphor test report 



Test No.: 
TF 16472003 



Phosphor type : LED phosphor 



05.07.03 



Cause/objective : green Sr-SION 

Sro.9sEUo.05Si202N2 



Test description f approach, process, etc.) : 



This specimen is the TF 119/03 which has been milled for 5 min. The specimen, under the new name 
TF 164/03, was passed to OS for LED testing. 



Processina: 


1st calcining 


Calcining furnace 


GERO-RO 


Calcining temperature (°C) 


1540°C 


Caldning atmosphere 


FG 


'/h 


200 "^l^l^ 


Caldning duration (ti) 


8.0 


01^ material 


W crucible 


Rll quantities (g) 


15.0 



Results ; 

Consistency notsiitered 

Body color yellow-green 

Luminescence 

Excitation 

Reflectance 

X-ray 



EXHIBIT 6 



EXHIBIT 7 



EXHIBIT 8 



Vertraultch! 

An O'SRAM GmbH 
Abteilung: PAT-M 



AW^nzefehen der PAT' 



Datum der Ali^ctigung: 



irogldeM hferiTiltdie auf den to:|geniien Seit^n: vojfsindlg bsschrfebsns 



■Hamtfftau Or. \Sm 



aJ Wann .gJng die Erfindungsoieldung beUhnen ein? 
;b3;;%eht dreErfindungaufSffentlteh-gef^rdBrte.^^^ 



jUntsrschriftateVofgasistzteri)' 



AbfeinianEfllHft.gssatdidhaJiist 



Herm/Frau 
Pr.Kleni._ 



Ml- 



ZurEntseheidung iDzw, Empfehiiing; ■ ",' 

.□. Qfe-SrtindurigsqllbtinbeschrS^^^ . 
O AniTieJdOQg wir^ ■ . 

Betraeht. , ■ . 

d file .E^fted.an£(- k<smmteVfi-.:tQr ummm.. 
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pjQr bestimmte Anwendungeri IstrderE&isatzvtin R@B-)-^Ds inieress^nt, dig.ausdrei CKips mitiden 
EmisslonsfaFben Flot, GrOn ynd Blau bestshen. Da alie drei Farbejiunabhangig voneifiandei' angfestenert Werdeii- 
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•3, Mil dem natrpn gmnen Leuchlstog SFSia02N2.Eo kann die reiativ inefftzlente Gr£in-LED durch eine effizientere 
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:Far]3oHstab:lji.taf.dBfgfune^^ ■. ■ 
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Confidential! 

To OSRAM GmbH 
Department: GC IP-M 



NOTIFICATiON OF INVENTION 

Please forward under sealed cover! 



GC IP reference 
2003E12122DE 



I/we (full name of the inventorfs] - further details and signature[s] on last page) 

Tim Fiedler, Franl< Jermann, Martin Zachau, Herbert Brunner 



Date of signature: 



hereby notify you of the invention which is described in full on the following pages, named: 
Tunable three-chip RGB-LED with improved color rendering 



To the responsible PLA, with a 

Mr/iVIs Dr. Klam 



for Immediate forwarding to GC IP 

R&D-M 



Please answer the following questions: 

a) When did you receive the notification of invention? 

b) Is the invention derived from publicly funded work? 
[x] no I I yes, project (planned): 



c) If responsible, please also offer opinicMi on section III. □ 



(Signature of the PLA) 



Received on: 
9.1.03 



Because of the statutory time limits please forward immediately to 
GC IP-M for further processing. 



Received at GC IP-M on: 

Sept, 1,2003 
OSRAM time limit: 



Dr. Klam 



(Section) 

For decision: 

Q The invention should be used without restriction. 

□ Application recommended. 

□ The invention can be considered for treatment as a trade secret. 

□ The invention can be considered for foreign applications. 
Countries: 



Received on: 
9.1.03 



□ The invention should be released as there is no apparent economic utilization 
for the company. 

□ On release, a right of joint usage should be secured. 

□ The release can take place unconditionally, i.e. a right of joint usage 
is not required. 

□ Before release, the following sections should be questioned as a precaution: 



Notes by GC IP-M 
First copy of the electronic 
notification of 7,29 was 
already with OG on 8.12.03 



[signature] 

(Cost center mar 



Please return to GC IP-IM Km We 



Notes as to urgency 
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GC IP reference 



1 . What technical problem is your invention supposed to solve? 

2. IHow was this problem previously solved? 

3. How does your invention solve the stated technical problem? 



1 . The use of RGB-LEDs, which consist of three chips with red, green and blue emission colors, is of interest for 
certain applications. Since all three colors can be actuated independently of one another, this type of LED makes it 
possible to deliberately set virtually any desired color locus by means of correspondent control electronics. One 
drawbacl< of this solution is a very low color rendering index Ra < 50 which results from the narrow-band nature of 
the three individual emissions. A further drawbacl< Is that the green LED used, for technological reasons is 
significantly less efficient than the red and blue LEDs. In the green emission region, InGaN chips are already 
significantly less efficient and the color locus is highly current and temperature dependent. InGaAlP chips are not 
very efficient in the green wavelength region and can only be economically produced beyond emission 
wavelengths of approx. 540 nm. 



2. The LED described above is recommended for applications where the tunability of the emission color is 
Important. LEDs in which part of the LED emission is generated by conversion with one or more phosphors are 
recommended for applications with higher color rendering requirements. However, this type of LEDs is not tunable. 



3. By using the new green phosphor SrSt202N2:Eu, the relatively inefficient green LED can be replaced with a 
more efficient conversion LED (blue base LED* + Sr-SiON). Since, moreover, the green emission has a wider 
band, a considerably increased color rendering index is likely. A further advantage is the higher color locus stability 
of the green conversion LED. 

in a wider variant, the red LED could also be replaced with a red conversion LED (blue base LED + red phosphor, 
e.g. (Sr,Ca)2Si5N8:Eu}. In this way, Ra values of between 85 and 95 can be achieved over wide regions with 
warm-white emission colors. This would give a fully tunable LED with good color rendering. A further advantage 
over 1-chip conversion LEDs is a higher efficiency, since the reabsorption of green luminescence radiation by the 
red phosphor can be avoided. 

Both solutions are made possible by the development of efficient nitride phosphors, wrtiich are considerably more 
stable than the known sulphide phosphors (green thiogallate:Eu, red (Sr,Ca)S:Eu) and whose spectrum 
surprisingly forms a virtually ideal complement to the blue 460 nm LED. So-called multichip LEDs are of particular 
interest. Here, the chips are located inside one housing. The individual chips are locally provided with the 
respective phosphor. For this purpose, the chips may be located in different cavities or in one cavity. In the latter 
variant, the chips may be provided with the required phosphor during a preliminary process or after they have been 
fitted into the housing. All OS/OSRAM patents relating to near-chip conversion, in particular using thin-film chips, 
should be mentioned here. 

* or UV-LED (see "Pure Green" notification of the invention) [FJ] 08.06.03 



4. By way of additional explanation, the following are enclosed as annexes: 

pages setting out one or more exemplary embodiments of the invention; 

pages of additional descriptions (e.g. laboratory reports, experimental records); 

pages of literature describing the prior art on which the invention is based; 

pages of other documents; 
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GC IP reference 



5. Which sections are interested in the invention? OSRAM OS 

6. Has the invention already been tested (experiments carried out, samples prepared)? 

Fx] no Q yes, result: 

7. For which products is the Invention applicable? True-color RGB LED 

8. Is the use of the invention planned? 

□ no {x\ yes, by: OSI^M OS 

g. Is a product supplied which is based on the invention or is it intended that such a product be supplied? 
[xl no I i yes, (probably) on ; name of the product: 

1 0. Is it intended that the invention be published or has this already occunred? 

[xlno I [ yes (probably) on in the follov«ng book, magazine: 

11. Is it intended that the invention be notified to persons outside the company or has this already occunred? 
fx] no I I yes (probably) on to 



1 2. Personal details of the inverrtor[s] (Enter inventors 1 - 4 here. Attach additiona! sheet for further mventors): 



Surname 


Fiedler 


Jermann 


Zachau 


Brunner 


First name 


Tim 


Frank 


Martin 


IHerbert 


Academic level/tltle/profession 


Dipl.-lng. 


Dr. rer. Nat. 


Dr. rer. Nat. 


Dipl.-lng. 


Section and site 


DP-M 


DP-IV! 


DP-M 


OS T BT1 


Activity/position in the company 
(e.g. project manager etc.) 


Technician 


Technician 


Head of Department 


Head of Department 


Telephone extension 


3228 


3357 


3366 


1209 


Nationality 


German 


German 


Gemrian 


Gemian 


Private address with post code 


81543 IVIunich 


81739 Munich 


82269 Geltendorf 


93047 Regensburg 


and sbneet, house No, 


Hans-Mlelich-Str. 7 


Klara-Ziegler-Bogen 
187 


Pfarrer-Unsinn-Str, 
17 


Winklergasse 16 


Date of birth 


02.25.76 


11.02.1966 


12.23.1960 


05.18.64 


Accounting persainel office or 
PA No. 


PA-M 


PA-IWl 


PA-M 


PA-OS 


Personnel number *) 


749-3001 


749-2899 


Zachau 


00618665 


13 Is the invention within 

a) your area of work? 

b) one of your employer's 
other areas ofworl<? 


[X] yes □ no 
[X] yes □ no 


\X\ yes □ no 
[Xl yes □ no 


fx] yes □ no 
fxl yes □ no 


[xl yes □ no 
fxl yes □ no 


14, What is your share of 
the invention? 


30% 


30% 


20% 


20% 


1 5. Has the invention also been 
notified, or is it also being 
notified, as an improvement 
suggestion? 


□ yes [x]no 


□ yes \x\ no 


□ yes [Xino 


1 1 yes [XJ no 


16. If you regard the Invention as 
an independent invention, 
please give reasons: 










17. No other personsare.to 
my/our knowledge, involved 
in the invanlion. 


T. Fiedler 
08.06.03 


Frank Jermann 
08.06.03 


[signature] 
8.8.03 


7.29.03 
[signature] 




(Signalurs) 


(SignatuPB) 


(Signature) 


{Signature) 



Notes by GCIP-M 
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U^iug Herrrnarih Fischer 
Patentanwaltsgeseilachaft mbH 
Herrn Pipi.-Phys. Roland Schaehtfier 



Name, Susanna: i<iitimerl'&= 

tB\^m +49 89 6S13^281 



Datum. 



titfel: 



losanspruchnahme ohne. Irie.: 



dtuFfehs* imwlMe ijmtetri^ mB4.mmn wm^s&m^ 
Farbwiedergabie 



trr der Anle^ge orballen Sie sine Kopie der pbenjgfns 



.... . . .^:mfi mii^V^'.si^mi^-^b^nmtmn, 
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Exhibit 11 



[Letter from Osram to Epping dated 09.05.2003] 



Notification of invention 



2003E12122DE 



Title: 



Tunable three-chip RGB-LED with 



improved color rendering 



Inventors : 



Fiedler - OG, Dr. Jermann - OG, 



Dr. Zachau - OG, Brunner - OOS 



Claim without Inc. 



All OG inventors, sent by OG: 



09.04.03 



Dear Mr Schachtner, 

Please find enclosed a copy of the abovementioned notification 
of invention. Please handle the claim of the OOS inventors in 
the usual way. 

Dr. Werner will be responsible for further processing. A joint 
OOS/PTG application is planned. Once the first application has 
been made, we will report back. 

Yours sincerely 

[signature] 

Susanne Kammerle 

Enc: Notification of invention 



Copy (with enc): Dr. Nirschl, OOS-R 



